mBmmff a p) 02) ^ ^ 4t |^ 5t ^ (a) (n)mmm»^ 

i^^^lO- 507572 

(43)4iaH ¥«10^(1998)7H21B 



FI 

HOIM 8/02 P 
4/86 B 
8/10 



(5i)inta» miB^ 

HOIM 8/02 
4/86 
8/10 











(86) (22)(tiRB 


¥jS6¥(1994)10H18B 






(85)ffi8R::^tilB 


3F«9^(1997)4^18B 




T;lUj^;'g*B 90089-1661 *U7* 


(86)ilie(ttlSS# 


PCT/US9 4/11911 








W096/1 23 1 7 






msmsm 


7^8^(1998) 4 ^25B 


(71) USA 


















T;^U*'&*H 91125 *U7*;i/r:7 
















;WN*-H 1201 






(74)«aA 













(54) i:«99e!>««i] Wttfl»s^W&ffiC^tC-eom$r^«sj:c^^E-(!>«Sa>fi)i^& 



(57) \msi 

n'fm^'msk (is) «ffiV)<&»i#««uK»s%«£i^ 

*»«}&fl!)7/-H (14) sraiai/Tiiiasn, mn. 
iis!ift&ttaa*»*y-H (le) saaurfflsan 

(Hg) !S^S!l«ji#«:^7^*>/p^^/-J^?S«l'K: 




(2) 1 0-50757 

mtmt^ty ^ mm xx^x\^^i,i><r>o 

mfEJ^>&«5fc^ t ;t ^ 7 U - h 7. * > ffijK 'J -^-r-e ^ T 2) !() <^o 
5. lt*]^2ir|E®<^3c^-e^oTs 

9. n|^^<^5^c^■c^)or^ 

^B:^^X^j:^i><r>^ 

10. ^*]S9i^iait<^a:^-c^o-c^ 




(3) 0-507572 

12. m*Jl9l^lSSc<^3c^-^^oT^ 

13. K*«9lif£li<05fc^-e*oT, 

14. ii*«9iciat<^efc^-c^>or> 

15. M^Jl9lC|E«(7)Mm?l]lT'^oT. 

16. 7y-Ki:^ 

1 8 . mtM 1 7 K%w,<r>mP('m.'^i> o 



(4) ^Sqil 0-507 57 

2 0.- mt^isKUM.<^M^mm^^'ox. 

MtiBii)^^^ L fvT ji' 7 'J ^ - h ;^ * V 'J *7 T-C ^ T * >(> (^) o 

2 1 . mt.M 1 8 tC|E^<7>Mm?tilT'^ o 

2 2 . ®*« 1 8 tcfaEo«s«-mjfe-c^>oT. 

2 3. 1 7 J- fEit0^^mitb-C2b o T . 

2 4 . 1 7 lw|B«(^M#m?lbX'* o -c. 

2 5 . 1 7 tc|a^<^iJft3^®r&-C*> o T. 

2 6 . m^m 1 7 Ktzm<Dm^mm-ci> ^ 
2 7 . 1 7 Ktim<omMmmx$> o 

iriB-f ii- >"7*«T ;v 3 ^ -> -t ;w D - ;^ T?^, <) 
2 8 . 1 7 t::|E® (O^SJ^HrfeT* -o 

2 9 . 1 7 lc|a»O^^MftllT'$,oT. 

3 0 . 1 7 tc|£«<^^i^m?lfe-C*>oT. 

It SS'f > ^ 'JV »2lCfg 3 - -C^) S "b <0 o 
3 1. ry- K-f ^>^^^J:t^*V- K^A'>A$r^f *^^•>i^>'^^^:. 



(5) #^^1 0-507 57 2 

=^^1 X. T * & ?^#«^^^m?&o 

^^:itit#§-f6[#:^;V7 'J h:^ 'j v$-^tf ^&<7)4'^^^®1- 
3 4. M*:S3 3mBicO:&j*-e*oT^ 
■rs 

3 5. ||*«3 3JCSB«0:&^T*)oT^ 

3 6. m*«3 3<^:^^liJ: >9^S?*t/i:«Mo 




(6) <i^m 10-507572 

3 9. w*«3 8ti|a«<?5:^ife-e<feoT, 

4 0. H^igS 8i::fe«o:&i£-C2g>oT, 
4 1. IS*«3 8lC|B«<o:^J£T*oTs 
4 2. S*]g3 8tC|£ic<7):^ffiT'2boT. 

4 3. ®*]S3 8t;:fS«o:^i*-c*ot:, 

f[|e®5{)«0. 0 1-0. 0 5M<?3f£H<D«ftlt'effl^$tL& 
4 4. »*«3 8mEm<^:^ft-C$,oT, 





(7) !|$^¥1 0-5 07 57 2 

uu 73;Vr-'^7A7!>«0. 0 1-0. 0 5M<Dmm<^M}$.^^ti>^Ty^}i. 
^ y7.)Vt-yWi^^ 0. 1-1. O^^yA/'j 

lir»04'Ji:^^®«*m®*ffitL, irfE^tm@mi^#fi*tJ 2 O 0^«- 
i!iisj&<^ t e ^mii* eefit ^ ;^ r 7 7" s 

*«ita t T < S t -emE *i&»t 4 r y y t 

4 6. m*]g4 5 t^ieico:&ftliJ: «9S8jtt;tmfiio 
4 7. ?^#:«$&S'M#m?felc^3V^-r. 

<^^^ * -i) * <^ ^ ^i' 7 n :t ^ > ;^ ;i' * > ® «r JD X. ^ CI t 4: -g- 

4 8. W*]g4 TlclEmoefcAT^oT. 

4 9. m*:i4 8 lc|B«<7)a:^T-*oT. 

ir|B^Jl'7;V:tD:^-^ ^ >'7.Jl'*>'®:*«0. 0 0 0 1 M:d>f)0. 0 1 ;K^^ 

5 0. ry-Kfc, 



(8) !t#«T1 0-5 07 57 2 
Itlffi?!/ V - K $rii o T« t*#S| ? 4 #S t 

5 1. 7 y - K t ^ 

h U^r^-f b^->p< aXtrhV h^v'p? :J' >:^''^'5r^)^;^- 

5 2 . m^m 5 1 tfB«oM^m^&-r^)oT> 




(9). 0-5 07 57 2 

17 (35USC20 2) (^mjEl-tJ&*?tetf ^j^j^jV^o 

mm 

<7)JtJ.:^;i/^-fi. 6 2 3 2Wh/k g-C^S) > S^fflj^t^HlBrtg'Sjfflj^cT) 
1 . TM^^J tfcii (refomer) j ffe^mrfe : ^<?)^M^tt> fel!^ 



(10) <^^^ 10-507572 

mmmmn^^m-f^t. ^^'mmm. (parastic shmt current) 

tt^M*J:t;^MMWtO'ft^W*«g#mrll!lix :*il#l^^3. 0 13, 9 0 
8-^. l^f^S, 113. 049■t^l^^4, 262, 063-f->l^^4. 407 
. 9 0 nm^. 3 9 0,6 0 3•t^ 

11^4. 612. 261-f-^ l^l^4, 4 7 8. 9 1 7 "t, |WI^4, 5 3 7, 8 4 
0■^^ l^^4. 5 6 2, IZZ^^i^m^A. 6 2 9, 6 6 4 -^^5^$ *T-T 

^|tl#H=|^3, 0 1 3, 9 0 8-^i:l^^3, 1 1 3. 0 4 

#f^|^4. 2 6 2, 0 6 3#, n^^. 3 9 0. 6 0 3-f-s l^«^4. 4 7 8, 9 

n^mmm^. 629, e 6 4■t^-^i^ ^49'^*«l^9*?^:»iH#"^D v 

yBm'i'm^. ^^y^Bm■f^m<^^^^^'^'^y conducting layer)^ LTTy- 
sover) <^$-iS/l?$-a:;g, tv^-jgt®^-;^^ ^y-;i-^iiEHI?lb<0gfc^:6«fE«$tL 




(H) #ftjpi 0-5 07 57 2 

HT^mMM, (gas diffusion electrode) fii^h^h^ 



(12) 10-507572 

tiy^m\:'^¥9<^n.%mim. ^am^W (multiple electron transter) 
t>fi. v^<o'b<^4'H:^T';'7'§r^tSl^^i:i^*l?tt^c7'n-t;^ (very hinde 
red process) -^^^.o C:*L^o;^x7 ^-C. Jtii453-^->!»«)^8S®iP$ ttT. Jfci^ 



(13) 0-5 07 57 

yiry\i.s r f7 7;i':tnxf-i^>' t^ji/7;v:^ntr-;vj:.-r;vj^^w^>M<7)3 

^^^<T)mLm^^mir^ i t :&o 10-90 m^w^^onffl-e 



(14) 0-507 57 2 

§11) *^g:T ^ Tit® <7)*ffl?L t fei^^^M 1 7K<7)-^?S i:: J: o T JSj- « J: "9 
mm\t. S^miSlSlil^^^V^tt (ionic continuity) 

73;Wr-7A5(»^$,^o 77- KfiS^-cmEK? tiTv>;i,o .^t^M^jt^t L 
it lcJ:oTlfi!(;?*L:g,o '^>'V'7;W;J-n;t^'^'>X)l/*>'ffi»4> 0. 0 0 1-0 



(15) 0-5 07 57 2 

n 3 fi^ vs^^^^f-ct^a^sj^'j v-llm^^Ki:^ismm^sl<^M^r^■r 
05 n^ El 1 K^tiiiii^mmmm(o^m^nnm^(Di&^ 



(16) #^¥1 0-5 07 57 2 

% o 

> ^>^fflv>;i,^,j|EFm?feo^^ft^?r0!l^1-^i^9 7-e^;&o 

mM<n. mMit<^ii5!BttLT<^m?ibmjBE*^i-^^9 7T**o 



(17) 



l^m^l 0-507572 



V if 9 y 7.)\^ii^ywimm-t^>mP(nm^'^^^xmi 2 lt 

L-CflJffl1-;5>^i*im?fetiov^T|ll 13-21 'Sr^BB LTtft§gi-&o 

to WTt::-JB»«mcgi?§t*J:^J::> Ty-K14x * V- K 1 6 is i 

1 2 (^ry- K^2 2i*iic7}^>7'ff)mi-^7ti6niefi?ti-cv^^o -et^W^^ 

i:7lc<^ii-^!^Jis tHP^H- h 2 3:i^f)5^l!)aiLT^ ^ ^ y - > 1 9 

ll2^#fiRLTtlTlw|i^t*Sm->;^rA«riiCT||#a?tL*o 7/ 

Km2 8 4'lC'fti|&1-^/c*{>lc|S:(tf>tL'Cv^2,o JiJlTJ^l5i§gt^lll2 li^ 



(18) 0-507572 

0 omMnm<^ii^r<r>nB^j:mit. T-y - k l-4-^ ty-vi &^ixf^ 

^-^t') 77 - Kl 4 1 7!7 V - K 1 6C0Ml-1g^$*l^ ^^M<^m^®'fli 
5il«77- Kl 4Tig^t9> ;5^o®^<7)m^m7C;6«*V- Kl 77- 

T«^lc*V - Kl exmU^iM>,> 77- Kl 4t?4^t;fe7K^'f:t'^i:7'n 

±U<DX^K, 77-Kl 4. *v- Kl 6i5j:t;^flll 8ii. m-<o^'^#o 

h 7 n j^f- > i: ^ ;V'7 d r ^WT. >® <7) n jH U v - -c 

***«flfe<^E#^iE^'{>'(^ffl-c§^.o 0!lx.ff^ gfc®^;v7;w;i-u>fk;^;i/*>'KsH'; V 

-> 5K<J^'(k7Kt^^l'*^®^J:t^2TO±<^7'n h>'2Sgil^O^-g-#<Dm)&«^ 

77-K14fi^ e^-J^r-'^7A'&^05Ki^■e$J3t$^^^ c:tiiij<7)iS^ fi, 
^S^^Ji3K*i: LT-T'Srfc-^ ffi^f? ^tTv^'Sr^.^J d^f ;t^i:fea®S<^^t±^- 
^3•t!c S =2: *> *> rsit?tLTv»*j o izumn<^Rmi.. ^m<r>c a b o t 

Inc. tt*«il«t*Vu lean XC-7 2 AO J: ■? '5^*i'3|4'C'{> i v^o 
mt&o To r ay (SIS) ^ v/Jcg 



(19) 10-507572 

.Inc. tt35^f>X¥-el&o a^t$tLTv^'5:v^m^g!l!i£i:tI3*?tL 
7tm^i!ii^i^i^ T7n>|S-^#T^'a-t> to r a y^-/V^-y^>^^±H» 

P# M * »t t* SJjSI- * j^T ll«B f & o 
5-4. Omg/cm'oHHWt L</»o ^iD l^^Jl'ti^fiiV^ J: i^*'^:^;^^-® 

hnson Matthey I n c . ■tt>}^'3A¥-C§*fiit$*tTv>'5:v»fi^ 

-jf $tL7te^#fl-55«* V- KffliiJSLTv>;s,o ry-Koji-^, *v-Kfflco^ 

M-7 4r>^^±Jc:SW1-;6l:J±0. 5-4. 0 m g/ c m' <^$IHW* Lv^o ^ 
^ftl!^S£-&^i:>^^iKii<^/^'';'^>^^^i. 10-5 0Sl:%<7)r 7 n >'S:-^;t 

^■^ltl^> «&JtlEH:i^O. 5-3. Omo 1 /L cD^^^TKOtg-^!^ (©-ftt/i: 

«:jijS$-*T#3g?-a:4o ^i|fflta-3iEi^Ji^ 10-50 OmL/m i nO$IH3!)« 
«ftLv>o «g«-i:7fC(^ig^«D*«7^~Kl 4SrJi3gfC#3S1-Stl^x -ft^S?)* 

7/- K : CHjOH+HjO-C02 + 6H* + 6 e" (1) 



• 




(20) 0-507 5 7 

5!7V- K : O2 + 4 H* + 4 e'-^HiO (2) 

:^m^ (1) (2) ■c^?tL;5i®^<^mSSJS»iJ:oT. Tia:^a^t?^$ 

mfdl : C H3OH+ 1 . 502-CO2 + 2HjO (3) 
L<^giTt2>igJtlcf -Cii:*:1-;|><, 0. 5mo 1 /L J: i9<fi:V^»JKTH> m?tb<^ 

o 

®^^;t^4^^^±^ 1 0-3 0 p s i g<^)|iSHOEEJbT-e*V- Kl 6 =S-aii 

c:oyD-t>?.(ip« ~;i/^^njic^tfT:^^I^ (3) ic^^tLTi/^&o iom^ 
fi r^Wi) (fuel crossover) j tl^j^tLT^/^^o ^j^<0=^iilc i -3X^1® 



(21) 4$*^! 0-5 07 5 7 

x-oxmw^ 



(22) i^^^Fl 0-5 07 57 2 

. 0 5~0. 5mmO$gHT'5:>t*t»f*f)^;Vio 0. 0 5 mm J: ») ^v^)^(i, ^ 

^^m>^'-^^fc.W^%Wm.X*^-^^fzh-ft\ -:^0. 5mmJ: ^ 

'5rF«3Wt^*«5tta7tfcJCJil 0 hm'' cm"' J:»J:»s:^ <4JttU**f)'&v»o 

$tL;t5&^ t^-f :^■>^:#t4:*5ii^atrv^^>^ Ac i p I ex (SH) Ch*<7) 
Asahi Glass C o . J: -9 '5j'^;i^7 ^i^:*- n<k7; jpjf^ 

'J-7-<^lti3 J:C/^*a<^D 0 w Chemical C o. tt:i6«S)SLTV»^!K 
•J-7-|K«1x.JfXUS 1 3 2 0 4. 1 0 t^iJffl-e^So JH'Jxf-^Vt^H'jyn 

^'-7.7.y^it^yWm.<r>m mK\i%^<r>-^ k I C o r p o r a t i o nttTi^SS 

\t U V - (7^%%m%% $ tLT 2, ) S ;t {i Tlc-^ft jSt o T ^ t ;t {i^lS 




(23) 10-507572 
^ 2 5;i^i9tbPJK- b 3 0 S:ilLT^% All's tls 7KliE^tt2 y^tS 

m^J'V^ 3 5ti^ mX^W.2 9 7!)-^h<omn/y^<Dmmi:m^^^ 3 7 7i^h 



(24) 0-507 57 

- ^ - 

X-mti&Xo Kti>^t^X%i>o -t^v**- K [C e 1 g a r d] (ffi^) is J: 
C/frfTry [G 0 r eTe x] (iS*l) li^ *S<OC e 1 a n e s e Co 

I p. isHr/G 0 T e Association <D^0iM^'C^ ^ o 

i-'^yf^(n^\z7s9TAv^fiW'^Wy7sT^ (E^-fr-f) Srfflv^T, W^"^ 

> ^i|4m?&«iit*c:t(?)T?|a:^|til#»t«rftiJISt- i^M'SrlSffl 



(25) 0-5 07 5 7 

tziiO) lci3»t*i^m»iE^giJ5Efe (galvanostatic polarization measurement 

^T> mm®tLtzrtiYymn.n<omi^M»^mi^^t&t. mio<ofi.m<o 

^<Dn.m<^M^i^Ci>o -fy^^y mm (r>ln 



(26) 1 0-50757 

4 4Ji^ 2. 0*;ko^ ~;i'v§?8[Jcov>T¥ft 1 5 OJ^Oi: ^<7)'tttg?:^1- 
offl^46{i, 0. 5^JK7)p< ^'y-;i/ig-^?St-o^^T||^l 4 0Jt<7)t ^Ott 
B^^^R1-o ffi|g4 8li^ 4. 0M(7)y ^y-;l/j!g-g-?jSlcov^Tl|f^l 6 0Jt<Ofc 
§<??14tg«r^-f-o itL5j>t,^:5^* J:-? ic, 2. 0 Mp« ^' y - ;vji-&?S[5&*:t^OilS 

2. O*;l'(0>^'/-^^ii-^^£li^ {JJ?3 0 OmA/cm'-CO. 4 JJ?;!/ > 

X ^ 'S: ^ L T i/^ ?> o 

&it^. 145 2tCf&oTmMJt*i:oT^ mA/ c m*-e$t7tmMJSt<0 
LT^^nTV^&o fflj^54{i. 2. O^JK^iS-^TffJ^iov^-Clg^l 5 0 

5 8^i^ ®tlcov^T<7)^®f^fflS-^>-ro 



(27) i^^Jpi 0-507 572 

X St Hi#14 *fi6<*-t 2) O B!) »t i: '5: ^> * »t *i »f ^ '5: o 

mMfti!^€*3j:o^;^^«*ts&7y- KSjffri 4 (lai) {±. ntL<\t. t 

iI-S;ci:T5«Ti;6J:^(c, 7^ - K<^rt§|5ic. gP^Mtc, iSJt^tiSo ^^/-^ 




(28) <^m^ 10-507572 

o 

mm. r j-^v.^^ ^-^y (K^) <^J:^ 'Sj-t it-yvi^jD^^-^^^-i^^ 

O^^l' (S^) ^-^MMtt 'bE-Te k. Inc. 

-rPSSL-Cbiv^o itL^O^itfrli. irai<?)$P^II^O 

7.r■y7'302■e^ 0. 5 - 5%<^'f ^y-^Mi^^-^tf^Tg (A 1 d r i c 
h Chemical Co. Solution Teclinologi 

es Inc. ^cJ:^)'Wi^^tLS^?^<0p<^y-;^t;t^i^V7'^/^V-J^^r<): 

f 'C^ ■^^;^r '7 7*3 0 2 - 3 0 4 $:^S»)^To 0. li^^^O. 5mg/cm' 




(29) 10-507572 

:t> (mm) -e-g-^Lfco i28fix 1210 (TIB) (^mmtmu<r>LT!)-^Lmmm 

0 8 {ifcJoT^-To ifti^sioti, t7^^> mm) =^-^t'5ru^s^-7.xm 

^{cov>T<^#m-aE^9-Mffi^ (galvanostatic polarization curve) T^i>o ^ 



(30) . 1 0-50757 

119-1 li^mix. ^^m^mm^mt^fcisfxDmm^m^t^iom:. 

9-1 l<7)^ft^::J:»JPSS?tl/^m®^i^ tt>5'<D«jifeiis|-m?feti^t T<D'b<7)<^ 

#:*P©-r*o »t L<fi, 2 0 0¥:^p«-b;i-^^'7A (mV 

g) <?5g®i»*Jir-r2.o ^i^O'5rMt3K^•<^*«^ Vulcan XC-72fcia; 
1-*'bO> *«E-T e k Inc. 1)'^hX^'^%Xi>i> ,> "SlMXI ^%<r>^^\Z 

-**>^-/N'li. 0f L<li:$V (KH) ^-^^-C^^9^ |W|^tcE-Tek I 
n c 0 r p 0 r a t e tiJ^hXm^Xibi> o miBO§|5^^^# 
fl-^i^^PSILT'bii/^o ^a</^fi'e<0'fttei9lix K^E-T e k Inc. ii^h 

7sTy-f2 0 2 tw*JV»T^ ?i»(^+JC^^-9-^'nnS^» (IV) tU')^J^ 
/<>^^on73;i/T-'>A (I I I) *-^«¥LT«Jt 

}&;?)«PM?tL:i>o t< (ix tT#^n;&^Ji-f :t>»Jt{i> 0. 0 1 

~0. 0 5Mcr)|Effl|*I^Uv>o i?SL<»i^ mM\t. lM^aiJt*Uv>o 
&s±<Dm^!&l \i ^ mS^it#± tc6^-;WT~'>A om* S: 1- * ;t i& U J^ffl 



(31) it#«^1 0-5 07 57 

m\1^i>tct^\iz,m%-r.i> <r>Wt tvjo ^.tyy^Z 0.4. tcfcv^T> ■^W>l$L<o^)\^7 . 
)Vtvti7i^>:^)i^t>>m (C-8S) iim^^M^hfi^o C-8®fi> }f f L 
<^i^ 0. 1-1. 0 /7 A^'J h;K^tEHO-<ftJt^TliDx.S05i)*<}:v>o C- 

;t *!) JiiK.g>5: i -e* 2> o 

Ji-f :^->(^m*<7)7t*^c^ 'ft#<o7y- K*t^^r^ffl LX'b.tv^o 

T*i3j:-?--0. 8V<^m 

^»tf>tLTV^So CKT)^}^;^^^^^!*^ l^'^tcM*t<> -etx^MJi^m^tfei:: 

ffl 1- ^ 'SrmS ?r{^ »3 di t ;t i6 {i *3 ^ ^ < nr ^-C* S ^ 2: t'^'^-ti^ 

0. 1 5 :J'n><7):t-^^i::*4it*«59')5^o;to 

(0^19, yj-Y) 2 1 6i3J:i7#Bsm®2 1 8^r-^^■C'5r^=m@M<7)m^tfe 



(32) «F«¥1 0-507572 

2 1 2 Sr^t-o mfiiiiv ^.T, ,±iih<^myc-swsm'(^rM-^iitiB2 2 0 

OtJcEtt^tlTV^io m^^M'2 2 2;feJ:0'2 2 4 W2 2 0<O±l3Tmm2 
1 2(??l*lOTffil-E1t$*it:v^;&o 2 2 6«2 2 0 (^W^BJcBBIi 

^tlTV^T. ^(DTi-^^ f •ifi:#S^^^l^LTV^;i>o b 2 2 8;{)^ 

. mmp^<Di^BiiM^-ti<DK'^mi-^tztbKmm2 1 2(^j§i9i^i6:>t^*tTv^ 

So jfft U<J±. #m^£fi<J (potentiostatic) ^J:Of#mMfi<J (galvanostatic 

•(^SiJ•t■f±^ 77- K:J^<5 5&V- K^i:Jiii1-sm#Oft/&«^^ai^^t> m^$*t 

Ottt6«r^1-o 01 UwiJV^T, NHEliMt*m«!:*0'K;vh#^E-C$ili2 4 0 
Jlf&oTJRlJ, mWJt«rmA/cm'<^*li:t?«l2 4 2 tCf&oT|!ioT**o 



(33) 1 0-50757 

1 m.g/c m*<7)^f S*^.t*t£^»-?>.^T<^P-.!S'^^^^^^ 

5mg/cm'<7)i:^. m®^i^ NHE^i*^LTO. 45y^)VYT\0 0mA/ 

. ^^j^tPi^J^ LTO^JV7)V':tn:t» ^>;^;W7:j->« (0-8%) 
i:7{)WJ-e*-5>Cli: '()5l5E$*t;to ^T-^C. Fw S 0* H «-^Ls 0. 0 
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n ^ reqnirtd id^tional leotch leea werv timely paid by the ippUcini. Coosequnily, this imemational search lepon is 
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